bacteria
are generally more sensitive to polymyxins than Gram-positive bacteria. In 1950's, NEWTON1) showed that polymyxin interacted with a component on cell surface and caused the leakage of cell constituents, which was presumably associated with its bactericidal action.
Since then, a number of reports have appeared and most of them suggested that the bactericidal action of polymyxin is due to its binding with phospholipid of the cell envelope.2~5) However, the precise mode of action of polymyxin still remains unknown. So far only a few investigations were reported concerning with the effects of polymyxin on the metabolism of macromolecules in bacteria.6,7)
The present report describes the effects of polymyxin B on the synthesis and degradation of lipid, RNA and protein in Pseudomonas aeruginosa 6073, which is very sensitive to this antibiotic.
The results show that polymyxin B causes a marked breakdown of phospholipid, especially phosphatidylethanolamine (PE) and phosphatidylglycerol (PG).
Materials and Methods
Bacteria, medium and growth conditions:
Pseudomonas aeruginosa 6073 from the collection of this laboratory was used throughout this study. The organism was grown at 30°C with shaking in a nutrient broth (pH 7.0) containing 0.5 % NaCl, 1 % Polypeptone (Daigo Eiyo Kagaku Co., Ltd., Osaka), and 1 % meat extract (Kyokuto Seiyaku Co., Ltd., Tokyo). The overnight culture was diluted with 100 volumes of the same nutrient broth medium and was incubated at 30°C on a reciprocal shaker at 120 r.p.m.. Bacterial growth was measured by optical density (O.D.) at 660nm using a Hitachi photoelectric colorimeter (FPW-4). The rate of synthesis of phospholipid was determined by the pulse labeling with (3H-2)-glycerol and (32P)-phosphate as follows: The cells were grown in the nutrient broth. When the O.D. of the culture reached to 0.3, the culture was separated into two portions. PLB was added to one culture at the final concentration of 5 pg/ml. Both cultures were further incubated. At time intervals, 2 ml fractions were withdrawn from the control and the PLB-treated cultures. Each fraction was incubated with 200 pCi of (32P)-phosphate and 2 «Ci of (3H-2)-glycerol for 5 minutes at 30°C with shaking. The reactions were terminated by 5 ml of cold methanol and were subjected to phospholipid analysis. Areas corresponding to PE, PG, cardiolipin (CL) and X, which is an unidentified one, were scraped off from the thin-layer chromatography plate and their radioactivities were counted by the liquid scintillation spectrometer using a toluene scintillation fluid. The cells were grown at 30°C in two separate nutrient broth media and were labeled with (32P)-phosphate (10pCi/ml) and (3H-2)-glycerol (0.4pCi/ml) during their growth from O.D. 0.05 to 0.3. When the O.D. of each culture reached to 0.3, the cells were harvested, washed once with 0.05 M phosphate buffer (pH 7.0) and resuspended in the same volume of prewarmed spent nutrient broth with or without PLB (5ig/ml), and both cultures were further incubated. At time intervals, 2 ml of cultures were taken and the reactions were terminated by adding 5 ml of cold methanol.
The mixtures were subjected to phospholipid analysis. As shown in Fig. 1 , PLB inhibited the growth almost completely at 5 pg/ml and a partial inhibition was observed at 1~ 3 pg/ml. A higher concentration of PLB such as 10 pg/ml caused a marked lysis of the cells. Therefore, we used subinhibitory concentrations of PLB ranging from 2 to 5 pg/ml in the following experiments. Since it has been suggested that PLB binds to phospholipid, we first examined the effect of PLB on lipid synthesis. DANIELS10) clearly showed that (3H-2)-glycerol was specifically incorporated into lipid fraction in E. coli and Bacillus megaterium since it was oxidized to dihydroxyacetone phosphate and 3H-atom was lost when it entered into other metabolic systems . Therefore, it can be used as a specific lipid precursor in these bacteria. When cells of Ps. aeruginosa 6073 were labeled with (3H-2)-glycerol, approximately 92% of the radioactivity incorporated into the TCA-insoluble fraction was recovered in the chloroform phase after the BLIGH and DYER'S extraction, which indicates that this compound can also be used as a lipid precursor in this organism. Fig. 2 shows the effect of PLB on the synthesis of lipid using (3H-2)-glycerol as a tracer. Effect of PLB on the Rate of Phospholipid Synthesis
As shown above, PLB caused a marked degradation of phospholipid. Therefore, the inhibition of lipid synthesis by PLB, shown in Fig. 2 , involved both the synthesis and degradation of phospholipid. In order to know the true effect of PLB on phospholipid synthesis, a short term labeling experiment, which represents the rate of synthesis, were carried out. The relative rates of four phospholipids in the control and the PLB-treated cells are shown in Figs. 5A and 5B. There are no large differences in the rates of PE and PG synthesis between the control and the PLB-treated cultures as determined by the total radioactivities. However, growth was inhibited by polymyxin and, therefore, PLB seemed to stimulate weakly the synthesis of PE and PG on the basis of their activities per cell. On the other hand, the rates of synthesis of CL and an unidentified lipid, which is termed X, were stimulated several times in the presence of PLB. The effects of PLB on the synthesis and degradation of RNA and protein are summarized in Tables 1 and 2 In order to know the effect of PLB on protein synthesis in some detail, we investigated the effect of PLB on cell-free protein synthesis. Since the system of the cell-free protein synthesis is well established in E. coli, we used the extracts from E. coli as the enzyme source.
Although tetracycline (TC) at 5Itg/ml, which is known as an inhibitor of protein synthesis, Thus, it was suggested that the inhibition of in vivo protein synthesis was due to the block of the transport system of amino acids by PLB. 
Discussion
Although it has been suggested in numerous publications that PLB binds to phospholipid of the cell envelope,2~5) it has been shown in this paper that PLB caused a marked degradation of phospholipids, especially PE and PG, which are the major components of phospholipids in this organism. This degradation may be considered as one of the primary action of PLB. Since most of the degradation products are water-soluble, cleavage of ester bonds between glycerol and fatty acids might occur in the presence of PLB. The preliminary study of the degradation products by gel filtration and paper chromatography suggests that one of them is probably glycerophosphorylethanolamine.
Why PLB causes the degradation of phospholipid, NO. In fact, the transport of amino acids was severely inhibited by PLB.
The observed inhibition of protein and RNA syntheses in vivo may be explained by this inhibitory effect. TEUBER7) also showed that PLB completely blocked the incorporation of 14C-uracil into RNA in Salmonella typhimurium at 4 pg/ml.
